The so-called Monro-Kellie doctrine states that with an intact skull, the sum of the volume of the brain plus the cerebrospinal fluid volume plus the intracranial blood volume is constant. Therefore an increase in one should cause a reduction in one or both of the remaining two. The researcher who expressed the doctrine in such a way was indeed Harvey Cushing in 1925, during a lecture in Edinburgh. The original Monro-Kellie doctrine is the result of observations on autopsies and several animal experiments. What the original doctrine states is a dynamic explanation of the intracranial system, aimed at explaining how a pulsatile and continuous perfusion may occur in a closed-non-expandable and fully filled system. During each cardiac cycle the quantity of blood within the head must be the same: during the systole, the brain arteries dilate, and, in the mean time, a quantity of blood, equal to that which is dilating them, is passing out of the head through the veins. During the succeeding diastole, the quantity which dilated the brain arteries passes into the corresponding veins and, at the same time, as much passes from the sinuses out of the head, as enters into the head from the arteries situated between the heart and the head. Monro implicitly states that the blood coming out from the cerebral veins into the sinuses must be pulsatile and (almost) synchronous with the arteries. That is deeply different from the concept of a constant content of a rigid case, as expressed by Cushing.
Introduction
When we, insiders, think on the so called Monro-Kellie doctrine, the first notions our minds make us deal with are that, with an intact skull, the sum of the volume of the brain plus the cerebral spinal fluid (CSF) volume plus the intracranial blood volume is constant. Therefore an increase in one should cause a reduction in one or both of the remaining two.
This law is now widely accepted and has been used as a physiological basis in order to explain what occurs in case of increased intracranial pressure (especially due to a foreign body, such as a tumor) or in case of decreased intracranial pressure, as in the case of CSF leaks (intracranial hypotension). 1 This doctrine is very easy to be understood and has been expressed so as to be scientifically reproducible: a mathematical formula (brain vol + CSF vol + blood vol =K).
Nonetheless, what the researches whose lasting eponymous fame was linked to this law demonstrated in their essays, was not exactly what that formula shows.
The researcher who expressed the doctrine in such a precise formula was indeed Harvey Cushing in 1925, during a lecture in Edinburgh. 2 6 Therefore the notion of a rigid case completely filled with the intracranial non-compressible content (the brain alone or brain plus fluids-blood and CSFbeing fluid non-compressible too) constituted the doctrine starting point instead of the conclusion. While it is quite simple to demonstrate that the case is non-expandable, on the brain non-compressibility Abercrombie stated that: in this investigation it is unnecessary to introduce the question, whether the brain is compressible, because we may safely assert that it is not compressible by any such force as can be conveyed to it from the heart through the carotid and vertebral arteries. 6 The intracranial content can therefore be compared with a fluid, which is non-compressible (at least if the only available compressing force comes from the heart).
This raises a question: how can cerebral blood circulation occur, since at every heart systole a certain amount of blood enters the brain? The doctrine answers to this fundamental question.
Alexander Monro was the first to provide an explanation to this. Nonetheless, we have no demonstrations of how he drew his conclusions. Kellie 
The autopsy findings by Kellie
The first cases described by Kellie concern a man and a woman found dead after lying outside during a storm on November 4 th , 1821. Kellie and his colleague Dr. Cheyne (the doctor who described the Cheyne-Stokes respiration) were asked by the magistrates to ascertain the cause of death. Kellie In these cases the scalp was bloodless; in the intracranial space: the sinuses and the veins were congested while the arteries contained little blood.
A different condition was that of two pirates: Peter Heamen and Francois Gautiez, who were hanged on January 10 th 1821 at Leith for piracy and murder (Figure 1 Also in this case, the quantity of intracranial blood was much more usual than the extracranial blood, with veins full of little colored fluid and arteries with little or no fluid inside.
In conclusion, the cause of death has no influence on the intracranial quantity of blood, which is distributed between arteries and veins.
Kellie's animal experiments
In order to determine the effect of exsanguination and posture, Kellie performed a series of animal experiments (using sheeps and dogs). (Figure 2) .
The original Monro-Kellie doctrine is therefore a dynamic explanation of the intracranial system, aimed at explaining how a pulsatile and continuous perfusion may occur in a closed and fully filled system. Monro implicitly states that the blood coming out from the cerebral veins into the sinuses must be pulsatile and (almost) synchronous with the arteries. That is deeply different from the concept of a constant content of a rigid case, as expressed by Cushing.
Actuality of Monro-KellieAbercrombie
The original Monro doctrine has therefore been neglected for centuries. At present, the available models on the intracranial system do not consider that doctrine as is, but as a static, fully filled container. The correct application of the doctrine could revolution the knowledge of the intracranial system and help to understand the pathophysiology of several conditions in which the intracranial system homeostasis is impaired. In the original doctrine, Monro, Kellie and Abercrombie did not consider two fundamental elements. The first is the so called Starling resistor, which is located at the level of the bridging veins (Starling described it several years later). The second is the little knowledge of the effects of gravitation on the human body: the authors improperly talk about the effects of the atmosphere in their observations. Instead, the force determining modifications leading to conditions such as the sinking skin flap syndrome after removal of a portion of skull (the sinking skin flap syndrome resembles the animal experiments of Kellie) is gravitation.
